We revisit here how Raman microscopy can be used to estimate the H content in hydrogenated amorphous carbon layers. The H content was varied from 2 at.% to 30 at.%, using heat treatments from room temperature to 1300 K and was determined independently using ion beam analysis. We examine the correlation of various Raman parameters and the consistency of their thermal evolution with thermodesorption results. We show that the H D /H G parameter is linear in the full range of H content and can thus be used to estimate the H content. Conversely, we show that the m/H G parameter should be used with care, first because it is sensitive to photoluminescence quenching processes and second because it is sensitive to only H bonded to C(sp 3 ). We also identify a weak band at 860 cm -1 attributed to H bonded to C(sp 2 123
Introduction
Raman spectroscopy is routinely used to characterize C-based materials. Interpreting the 1000 -1800 cm -1 spectral region gives information on the carbon hybridization: if samples contain sp 2 -carbon atoms, denoted here as C(sp 2 ), two bands dominate this spectral range, the well known G and D bands [1] . The G band is due to the bond stretching of both aromatic and aliphatic C(sp 2 )-C(sp 2 ) pairs, whereas the D band (sometimes accompanied by a D' band) is due to the breathing of aromatic rings. They contain information on disorder such as the size of aromatic domains, the existence of C(sp 3 ) linked to C(sp 2 ) and the H content [1] [2] [3] . The Raman parameters generally used to probe the structure are: the peak wavenumber and the width of the G and D bands, denoted Γ G,D and σ G,D respectively, and the peak height ratio of these two bands,
. Depending on the kind of material, they were found to be more or less correlated [4, 5] . The D band peak height was found to be correlated with the H content in graphane [6] . For a-C:H layers, an additional spectral feature has to be taken into account: a photoluminescence background which is superimposed on the Raman spectrum. The slope of this background is calculated between 800 and 2000 cm created by the laser used to produce the Raman effect. Relaxation in a-C:H then occurs following two competitive ways: photoluminescence and non-radiative recombination. The former process arises from the radiative recombination of the electron-hole pairs trapped in band tail states whereas the latter process can be due to the existence of paramagnetic dangling bonds inside the material. As the result of the competition between these two mechanisms, photoluminescence can be more or less quenched. Passivating these bonds, for example with hydrogen, removes this quenching [7] . Passivation can be done by annealing at low temperature (T < 600 K) which allows structural reorganization to occur [8, 9] Analyses (IBA) were used to determine the H content and Thermo-Desorption Spectrometry (TDS) was used to characterize the H release.
Experimental
220 nm thick amorphous, hydrogenated carbon thin films (a-C:H) were deposited on a Si wafer (10 cm in diameter) on the driven electrode of a capacitively coupled rf plasma (13.56 MHz) in pure methane at 2 Pa and a dc self bias of -300V. Under these conditions typical hard a-C:H layer, with H/H+C ∼ 0.3 at.%, density ∼ 1.9 g cm -3 (see, e. g., Table 1 . This also shows that photoluminescence is due to C(sp 3 )-H bonds. Note that the thermal evolution found here for C(sp 3 )-H is in agreement with that found in previous photoelectron spectrum studies [15] . The evolution of σ G shows that the reorganization of the material already starts below 600 K, i.e. before the first stages of H release from C(sp 3 ), together with the material reorganization which leads to passivation. 
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Conclusion
Heat treatments of one type of a-C:H layer from room temperature up to 1300 K were performed and the hydrogen content evolution was studied by means of Raman microscopy, ion beam analyses and thermodesorption spectroscopy. We have analyzed the different heating stages with respect to structure and H content, and clarified how Raman parameters are correlated to the observed changes. In particular, the contributions of H bonded either to C(sp 2 ) or to C(sp 3 ) are emphasized and we show that Raman microscopy gives valuable information not only on structural properties but also on chemical properties. Carbon organization starts below 600 K followed by H release from C(sp 3 ) below 850 K and then by H release from C(sp 2 ) at higher temperature. 
